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!4FAiSURF?lENTSOF E’,ECTRON HEAT FLOW ALONG A IX

MAGNETIC FIPILD IN STRONG TEMPERATURE GRADIENTS*

R. SO }iZlS9ey, J. C= In~rahilm, B. L. Wright, and H. Drcicer,

Los Alamos Scientific Laborntoryp University of Glifornh,

P. U. BOX 1663, }!s650, l.os Alamos, NN 87545, U. S. A.

~S~RACT

Measurement of electron hcnt [low par;lllcl to 11 ure pcr[ormerl on a fllLly-

..-. 1: ~lilSIHi? col~rqn Iln.!cr colldition~ for wlllch tllt~ elcctrnn-rlectron

Collisional Muilll free path, !?Pe, i~ not small relative to Ltic clectrun

tempcratllre-gr+l(liellt HCde-lCllflih, I (l/T) (dT/dx) 1-1. l%l~ed micrfwilvt’ huatin~

tat onc locat inn on the column -and nonpt?rturhln~; mtcrow.nve rcsnn ator ml’;lsllrum~~nt.s

of temperature at t~ l~ciltl~ns on till! column nre llscd to cr(!:lLu and Lo nluil~lirl!

tlw heat flow. WCIcompare our rusultH wjtll the predictions of .I 1-:) Iie,lt

di[fuHion code tllilt heIG n parumut~?r, a, multipLyinfi thi? Spt:zc*r Ilc.lt

conductivity cocff~clentp nnd that :ilso has provision for limit In}\ thu hv.lt KLUX

r. Int mduc t I In— .—. —.—

The r:ltc nf electron lICSnL tr;lusport :Ilonj: lnil~;lll!tlC llncH Is 1)[ I lllld:lm(’llLill

WtI prl~nl~llt 111*:11 1’I l}W lllt~;l:lllr,llll(llll :1 f 11.lt :111;111 I 11{’ 1’1)1 1 I!lll)ll-lllll’l ill, ill’11 illlll

l~xl!ll Ill}: lll~;ll I low ln,l,ll~l!i.
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ml~ resonatnr energy dcciiy in measured in the following way. ThC decay of

a signal proportional to tile resr)natl~r eul’rgy is dfgitizcd using il

Tektronix 7912 transient dl[;itizcr and the datn trilnSm~tted to a computer.

ThrLIU~h cflrCf”l ‘!libration pri}cedures :llld nnalysls of error wt! have iichtuvccl an

nccuracy of better than 1% in t}l~l detcrmlnnttnn of the decay r:lte. Sllch

resistlvity tempcriiture IllL’ilHilr(’llli!llt$i nre pc rf o rmed #lc Llle s(!nsor rusi)niltor

during und ilftwr ilI)pl~C~tll)ll [:f tilt: 11~’ilt~~~ plllSc by till! hl!ilt~r rvsolliltorj” illld

!.llffic lclltly

sl)L\l L11)11s tu

3nk 2T -
2 at

-+q+lln k’(t) s(x)

+ i-’~~l1, wII:(.11 111111111,1 t,, ,1,,1
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solely nn invcrso hrl?msstr:lhllln~ ,Ihsorption q hI?c!nuse the microw.a-~e huatin~ rate

of the plnsl!la actll,lll.y dccreascs with inr.renstnp. microwcve Fi(’lds if the

‘3 dependence nfThis clccrease occurH hec:IIIsP of tht! v tile. Coulr)mh collisfon

r,ltt~. In ;l(lLIILL. tll this firld d~?prndcnt f!ffert, nf cnllrsu, Lllv invorsc

brcmsstrnlllun~ heating hrcomcfi very inefficient nt lar~c T.

In nrr.lcr to acllfnvc strnng hentinp, it was thus nrccssary tn rely on

cnhanccd heating hy pnrnmotr[c instahilitLus 7 rxcitod by oporatlnj~ th~~ hr,atrr nt

shows the rrsults of two hc?nt flow code runs with a = 1.15, Ind B = 0.2 and 0.3,

,.! ,-.,. : ! , , , , , ., , ,- , ., . ,
,. . . . , respectively. ‘1’IIc fit tn the (I,lta for

!
,. I
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[ ,;,

STIKING llEATING
I

thrsc~ two runs is nptimlz~rl hy compdrlsnn

prlvl lr L(I(I tlv tllf’ Ilr;lt ilow I=(ld(l llslnj~ u = (1.?, (tlI;lt IS, :1 f:lrl~~r (If fl..’i’

rl’llllrl IIMI III thv IIFIISrl IV(I r:lt(’ of diFfIIMloIl;Il h~I,It tr;ln::pl~rr), hllf Ill:lt I Ill’

f 11111:111111Ht”!l only Llll! !11ZI1 llr 111(1 tll(!r’ 111:1I (“1)11(111(”1”Ivl ty (’lll!f f i(’ 1(’111.
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hchinci the stron~ly-he,ated hut cooler h(ldy of the electron .’c’l,oc it\”.

di.str[hution. Th P stronfily-h~’atrrl hnriy tll~n Cranspnrts it~ he,at alon}? tile

plasma rnlmn at thP slow(!r rato clrscril>od by the flux-limirvd hc.at flow mndel.

Fnr cases

difference

.amrnlnt of

mrnsllroli.

n f strnng heatin~ by pnri]mctric instabilities wcI [In[l a lnrf!e

hctween the mensllred ahsoluto c!ner[!y ahsnrhrd hv tllr plnsmn and Lhc

Pnergy rvqllircd to producp tllc t~mpcr,ltures Lhnt nro ult[mntf?ly

~~timat~s fndLcnr(:~ t~l~t [F this energy dlfferf!ntial Wns carried
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larger Vallle nf C (~ 0.3-0.6) provi(fes a hcttcr fit to the data. This may

sug~cst a rc)lr is helnR playrd hy inst:lhil [ties in tile stron~ hcati.no pu]sc cnse

reportpd Ilerf*.
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